Improvement of Stability and Efficacy of C16Y Therapeutic Peptide via Molecular Self-Assembly into Tumor-Responsive Nanoformulation.
Peptide therapeutics hold great promise for the treatment of cancer due to low toxicity, high specificity, and ease of synthesis and modification. However, the unfavorable pharmacokinetic parameters strictly limit their therapeutic efficacy and clinical translation. Here, we tailor-designed an amphiphilic chimeric peptide through conjugation of functional 3-diethylaminopropyl isothiocyanate (DEAP) molecules to a short antitumor peptide, C16Y. The ultimate DEAP-C16Y peptides self-assembled into spherical nanostructures at physiologic conditions, which dissociated to release individual peptide molecules in weakly acidic tumors. DEAP-C16Y peptides showed negligible cytotoxicity but impaired vascular endothelial cell migration and tubule formation by inactivation of the focal adhesion kinase and PI3K-Akt pathways, as well as tumor cell invasion by decreasing invadopodia formation. Compared with C16Y, the systemically administered DEAP-C16Y nanostructures exhibited superior stability, thereby allowing prolonged treatment interval and resulting in significant decreases in microvessel density, tumor growth, and distant metastasis formation in orthotopic mammary tumor models. Through encapsulation of hydrophobic doxorubicin, DEAP-C16Y nanostructure served as a smart carrier to achieve targeted drug delivery and combination therapy. Our study, for the first time, demonstrates that a simple nanoformulation using a functional antitumor peptide as the building block can show innate antitumor activity and also provide a nanoplatform for combination therapy, opening a new avenue for the design of antitumor nanotherapeutics.